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The concept of viral vector-based vaccine was intro-
duced in 1972 by Jackson et al and in 1982 Moss et 
al introduced the use of vaccinia virus as a transient 
gene expression vector. The technology has been used 
to make Ebola vaccines and now COVID-19 vaccines. 
There are two types of viral vector-based vaccines i.e. 
replicating and non-replicating. Non-replicating viral 
vector-based vaccines use replication-deficient viral 
vectors to deliver genetic material of a particular an-
tigen to the host cell to induce immunity against the 
desired antigen. Replicating vector vaccines produce 
new viral particles in the cells they enter, which then 
go on to enter more new cells which will also make the 
vaccine antigen. Non-replicating vector-based vaccines 
are more commonly utilized. Adenovirus, vesicular 
stomatitis virus, vaccinia virus, adenovirus associated 
virus, retrovirus, lentivirus, cytomegalovirus, and sen-
dai virus have been used as vectors. Current adenovi-
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rus vector-based vaccines being administered against 
SARS-CoV-2 infection are JNJ-78435735 by Johnson 
and Johnson (Janssen) along with Beth Israel Deacon-
ess Medical Center, AZD1222 by Oxford-AstraZeneca, 
Sputnik V and Sputnik Light by Gamaleya Research 
Institute of Epidemiology and Microbiology, and Con-
videcia vaccine by CanSino Biologics. Of the five vac-
cines, the United States Food and Drug Administration 
(FDA) has approved Janssen vaccine for emergency 
use. Efficacy against COVID-19 variants has been 
found in all but the Convidecia vaccine so far. Heter-
ologous prime-boost COVID-19 vaccination regimen 
may be the new face and more efficient immunization 
approach for enhanced immunity against COVID-19.
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n	 INTRODUCTION

The concept of viral vector-based vaccine was 
introduced in 1972 by Jackson et al and in 

1982 Moss et al introduced the use of vaccinia 
virus as a transient gene expression vector [1-3]. 
As of May 2021, there has been a wide range of 
use of viral vectors as tools of gene therapy and 
vaccines. Two Ebola vaccines developed from vi-
ral vectors were used in Ebola outbreaks in West 

Africa and in the Democratic Republic of Congo. 
The rVSV-ZEBOV vaccine is the first dose of Eb-
ola vaccine approved in the United States to be 
used in December 2019 consisting of genetically 
engineered VSV virus. Zabdeno/Myabea Ebola 
vaccine is the second dose using modified vac-
cinia Ankara, a type of pox virus as the viral vec-
tor [4-6]. Genetically engineered adenovirus has 
been used to develop COVID-19 vaccines. It has 
shown to have increased efficacy by induction of 
immune responses and thereby increased cellular 
immunity. In this review article, we describe the 
different viral vector based COVID-19 vaccines, 
their mechanism of action, side effects, and effica-
cy against different variants.

Le Infezioni in Medicina, n. 3, 328-338, 2021
doi: 10.53854/liim-2903-3 



329COVID-19 viral vector vaccines and COVID-19 variants

Viral vector-based vaccines
There are two types of viral vector-based vaccines 
i.e. replicating and non-replicating. Non-replicat-
ing viral vector-based vaccines use replication-de-
ficient viral vectors to deliver genetic material of a 
particular antigen to the host cell to induce immu-
nity against the desired antigen. As of June 2021, 
there are 7 viral vector-based vaccines in use. Of 
them, two are Ebola vaccines and five are COV-
ID-19 vaccines [7]. Replicating vector vaccines 
produce new viral particles in the cells they enter, 
which then go on to enter more new cells which 
will also make the vaccine antigen. 
Adenovirus, a double-stranded DNA virus dis-
covered by Rowe and his colleagues in 1953 from 
human adenoid tissue, was effectively used for 
the development of these vaccines [8]. Adenovi-
rus has a distinctive icosahedral structure with an 
outer protein encapsulation and compact double 
stranded DNA genome. It expresses 2 types of 
genes: early genes and late genes. Early genes are 
responsible for viral replication while late genes 
are responsible for virion release [9]. They are also 
used as vaccine vectors against numerous infec-
tions like HIV (Human immunodeficiency virus), 
malaria and also against a multitude of tumor as-
sociated antigens. They have the unique property 
to act as vaccine vectors and induce both innate 
and adaptive immune responses in mammalian 
hosts [10].

Other viruses such as vesicular stomatitis virus, 
vaccinia virus, adenovirus associated virus, ret-
rovirus, lentivirus, cytomegalovirus, and sendai 
virus are used as vectors [11]. Various human clin-
ical trials were conducted for viral vector vaccines 
against several infectious diseases including Zika 
virus, influenza viruses, respiratory syncytial vi-
rus, HIV, malaria before the vaccines targeting 
SARS COV-2 (Severe acute respiratory syndrome 
coronavirus 2) causing Covid [9].

Mechanism of action of adenovirus as vaccine vector 
in COVID-19 vaccines
The deletion of E1 genes terminates the viral rep-
lication. The compact genomic structure of ade-
novirus makes it a suitable option for the incorpo-
ration of a foreign DNA (deoxyribonucleic acid). 
Genes encoding the SARS-CoV-2 spike protein are 
isolated and introduced into the adenovirus vec-
tor after the gene sequencing. These viruses grow 
into specialized cells and further purification is 
done before developing into vaccines. The vac-
cine is then injected into the host which triggers 
both a humoral and cellular immune response 
and develops neutralizing antibodies. This results 
in the destruction of SARS-CoV-2 virus on future 
exposure with an actual SARS-Cov2 virus [12].
Current adenovirus vector-based vaccines against 
SARS-CoV-2 infection are JNJ-78435735 by John-
son and Johnson (Janssen) along with Beth Isra-

Table 1 - Viral vector-based COVID-19 vaccine characteristics.

COVID-19 Vaccine Dosage and administration Storage Variant efficacy 

JANSSEN 
(JNJ-78436735 
or Ad26.COV2.S)

Single dose of 0.5 ml 
administered intramuscular 
injection

Up to three months at 36-46°F 
(2-8°C) and up to 2 yrs at -20°C

 B.1.1.7 variant, B.1.351variant  
and P.2 variant 

ASTRAZENECA 
(AZD-1222 or
 ChAdOx1 nCoV-19)

Two doses of vaccine 
administered intramuscular 
injection

Can be stored and shipped  
at -20º C

B.1.1.7 variant, B.1.351 variant, 
and effective in preventing 
symptomatic COVID-19 infection 
caused by non-B.1.1.7 strains

SPUTNIK V 
(Gam-COVID-Vac)

Two doses of vaccine 
Intramuscular injection

Two formulations  
(frozen [Gam-COVID-Vac] 
(storage temperature is -18 °C 
(0 °F)) and lyophilised [Gam-
COVID-Vac-Lyo] (storage 
temperature is 2-8 °C (36-46 °F)

B.1.1.7 variant. However, there is 
marked reduction in neutralizing 
antibodies against B.1.351, P.1, 
and B.1.1.28 variants

SPUTNIK LIGHT Single dose of 0.5ml 
intramuscular injection

Stored at a normal refrigerator 
temperature of 2-8º C 

As per Gamaleya center,  
this vaccine is effective against  
all new variants

CONVIDECIA 
(Ad5-nCoV)

Single dose of 0.5ml 
intramuscular injection

Stored at a normal refrigerator 
temperature of 2-8º C

No clear data yet on variant 
efficacy
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el Deaconess Medical Center, AZD1222 by Ox-
ford-AstraZeneca, Sputnik V and Sputnik Light 
by Gamaleya Research Institute of epidemiology 
and microbiology, and CanSino vaccine by Can-
Sino Inc. Of the five vaccines, the United States 
Food and Drug Administration (FDA) has ap-
proved Janssen vaccine for emergency use [13]. 
Janssen utilized the gene encoding the coronavirus 
spike protein to replicate the replication-deficient 
adenovirus 26. The genetically engineered adeno-
virus 26 is developed into a vaccine, the vaccine 
once injected into the host cell is engulfed by the 
cell [14]. The AstraZeneca vaccine is a chimpan-
zee adenovirus vaccine vector made up of replica-
tion deficient chimpanzee adenoviral vector chA-
dOx1. It has been genetically engineered to match 
the SARS-CoV-2 spike protein and is incorporated 
with the surface spike protein genetic sequence 
of this surface spike protein [15]. Sputnik V uti-
lizes replication-deficient adenovirus as a vector 
to deliver the vaccine. The unique feature is the 
use of 2 types of adenovirus as the vector Ad26 
and Ad5 whereas Sputnik light vaccine utilizes 
the first component of Sputnik V, recombinant 
human adenovirus serotype number 26 (rAd26). 
They are genetically engineered by inserting a 
gene encoding spike(S) protein of SARS-CoV-2. 
Once inside the cell’s nucleus the spike protein 
gene is copied into messenger RNA (mRNA) [16]. 
The mRNA leaves the nucleus and starts building 
spike proteins, resulting in activation of the im-
mune response. Humoral and cell-mediated im-
mune responses are activated after the first dose. 
Memory B Cells and memory T-cells result in long 
term immune response which later fights against 
the virus on exposure.

n	 JANSSEN (JNJ-78436735 or AD26.COV2.S)

JNJ-78436735 or Ad26.COV2.S is an adenoviral 
vector-based vaccine against SARS-CoV-2 devel-
oped by Janssen pharmaceuticals of Johnson and 
Johnson in collaboration with Beth Israel Dea-
coness Medical Center. The Janssen vaccine was 
approved for emergency use by United States 
food and drug administration (USFDA) on 28th 
February 2021 and its use had been suspended on 
April 13th 2021 because of the 6 reported cases of 
cerebral venous thrombosis and thrombocytope-
nia. The suspension was lifted and vaccine use 
was resumed on 23rd April 2021 by USFDA. It 

was granted authorization by European medicine 
agencies.
The unique characteristic of Janssen is it requires 
only a single dose of 0.5 mL administered IM and 
can be refrigerated for up to three months at 36-
46°F (2-8°C) and up to 2 yrs at -20°C [17, 18]. 

Vaccine dose and interval
The Janssen vaccine is a single dose with intra-
muscular administration. The vaccine should be 
administered with a minimum interval of 14 days 
before or after administration of any other vac-
cine.

Efficacy on variants
The ENSEMBLE is an international, randomized, 
double-blind, placebo-controlled, phase 3, piv-
otal trial aimed to determine the safety, efficacy 
and immunogenicity of a single dose of vaccine 
in adults. The data from ENSEMBLE study after 
28 days of vaccination has proven 66% of efficacy 
against moderate to severe or critical COVID-19 
across all countries, 72% of efficacy against mod-
erate to severe or critical COVID-19 in the US and 
85% of efficacy against severe COVID-19 glob-
ally, including the US, and complete protection 
against COVID-19 related hospitalizations, and 
no COVID-19 related deaths were reported in the 
vaccine group. The clinical trial was conducted 
in 17 countries including the United States, South 
Africa, Mexico, Peru, Argentina, Chile, etc with a 
high incidence of COVID-19 infection and where 
variants were emerging. Janssen’s vaccine effi-
cacy was 75% against the B.1.1.7 variant (known 
as alpha variant or UK variant) and 57% against 
B.1.351 (known as beta variant or South African 
variant). However, in severe/critical patients 
the vaccine efficacy was 86% in US (% variant: 
96% D614G and 3% CAL.20C), 88% in Brazil (% 
variant: 69% P.2 lineage  also known as zeta var-
iant or Brazil variant and 31% D614G), and 82% 
in South Africa (% variant: 95% B.1.351 and 3% 
D614G [17].

Countries’ approval
As of June 4th, 2021, 42 countries approved the 
Janssen vaccine including Austria, Bahrain, Bel-
gium, Brazil, Bulgaria, Canada, Colombia, Croa-
tia, Cyprus, Czechia, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Latvia, Liechtenstein, Lithuania, 
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Luxembourg, Malta, Netherlands, Norway, Phil-
ippines, Poland, Portugal, Republic of Korea, Ro-
mania, Slovakia, Slovenia, South Africa, Spain, 
Sweden, Switzerland, Thailand, Tunisia, United 
States of America, and Zambia [18].

Side effect profile 
According to the data from the ENSEMBLE study 
and the Summary of Product Characteristics of 
Janssen’s vaccine, the common side effects are 
injection site pain, erythema and swelling. Other 
systemic side effects are headache, fatigue, myal-
gia, nausea, fever and contraindication in patients 
with severe anaphylactic reactions. These side ef-
fects were mostly seen within the 7 days of vacci-
nation. Interestingly, these are more common in 
individuals aged 18-59 years than that of individ-
uals aged 60 years and older [19, 20]. Rare side 
effects including convulsions, tinnitus, peripheral 
neuropathy, Guillain-Barrè syndrome, and Bell’s 
palsy were reported in a few patients with predis-
posing medical conditions [17].
The Janssen vaccine received approval for emer-
gency use by the United States Food and Drug 
Administration on February 27, 2021 for indi-
viduals of 18 years and above [21]. Since then, 
nearly 8,057,660 people have received the Janssen 
vaccine. On April 13, 2021, the FDA and Centers 
for Disease Control and Prevention (CDC) re-
ported a total of 15 cases of rare and severe types 
of blood clot combined with low platelet levels, 
known as Thrombosis with thrombocytopenia 
syndrome (TTS) or Vaccine-induced thrombotic 
thrombocytopenia. This resulted in a temporary 
pause of vaccine administration [22]. A patient is 
considered to have TTS when they meet the fol-
lowing criteria: COVID-19 vaccine (Janssen or 
AstraZeneca) administration, venous or arterial 
thrombosis (commonly cerebral or abdominal), 
thrombocytopenia (≤150,000) and positive PF4 
‘HIT’ (heparin-induced thrombocytopenia) ELI-
SA [23]. Brighton Collaboration has updated the 
definition to include arterial and vein thrombosis 
in various locations beyond cerebral like portal, 
hepatic, mesenteric, splenic, pulmonary, brachial, 
lower extremities, and carotid thrombosis [24].
In general, d-dimer levels are elevated in elderly 
hospitalized patients with COVID-19 infection re-
quiring anticoagulation. Hence, there is increased 
risk of ischemic stroke [25]. A study by Baldini et 
al and Mowla et al mentions that the incidence 

of CVST is low but there is a relative risk which 
is potentially comorbid. But according to Taquet 
et al, who reviewed 537,913 COVID-19 cases has 
concluded that the risk of CVST and portal vein 
thrombosis (PVT) is significantly increased after 
COVID-19 infection. Till date, there is no data 
about the pathophysiology and potential preven-
tion of CVST in COVID-19 infection [26-28].
In a report published by CDC, the median age of 
the 15 patients was 37 years (range 18-59 years), 
median time to symptom onset was 8 days (range 
6-15 days) and all cases were females. Other com-
mon risk factors among these patients were oral 
contraceptive use, obesity, hypertension, and hy-
pothyroidism. Among the 15 patients, 12 patients 
have reported cerebral venous sinus thrombosis 
(CVST), others reported with portal vein throm-
bosis (PVT), lower extremity vein thrombosis, 
and pulmonary artery thrombosis, 2 patients 
had previous history of COVID-19 infection. The 
common sites of CVST are transverse, sigmoid, 
straight, superior sagittal, inferior sagittal, corti-
cal veins and confluence of sinuses. Most of the 
patients with CSVT reported intracerebral hem-
orrhage. The initial presentation with CSVT was 
associated with headaches mostly after 6 days 
of vaccination, fever with chills, malaise, lethar-
gy, nausea, vomiting, and abdominal pain. These 
were followed by severe headache with neck stiff-
ness or pain, unilateral weakness, speech diffi-
culty, gaze deviation, loss of consciousness, and 
seizure. These patients received non-heparin anti-
coagulants, platelet transfusion, and intravenous 
immunoglobulin. Heparin was given only to pa-
tients with negative PF4 ‘HIT’ antibodies. As of 
April 21, 2021, 5 patients were discharged home, 
7 patients were still hospitalized including the 
intensive care unit (ICU), and 3 patients experi-
enced death [29].
Given the potential benefits outweigh the risks, 
the US FDA has lifted the pause on April 24, 2021 
with the intention to vaccinate a large population 
and control the spread of COVID-19 infection [30]. 

n	 ASTRAZENECA  
(AZD-1222 or ChAdOx1 nCoV-19)

AZD1222 vaccine formerly called ChAdOx1 nCoV-
19 also known by other names as Oxford-As-
traZeneca Vaccine, Covishield, and Vaxzevria. 
AZD1222 was developed by Oxford University, 
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Jenner institute and AstraZeneca. It is co-invented 
by the University of Oxford and its spin-out com-
pany, Vaccitech. This vaccine is also manufactured 
by the Serum Institute of India with the name Cov-
ishield. The vaccine can be stored at 2-8 °C (36-46 
°F) for 6 months [31].

Vaccine dose and interval
Two doses of vaccine administered IM with a dos-
ing interval of 12 weeks or more [32].

Efficacy on variants
From the phase 1 and 2 clinical trial data, the As-
traZeneca vaccine had shown significant efficacy 
of 64.1% after at least a single dose against symp-
tomatic disease and 70.4% after two doses, with 
no safety concerns. The phase 3 study showed 
a vaccine efficacy of 76% at preventing sympto-
matic COVID-19 infection and 100% efficacy at 
preventing severe or critical disease and hospital-
izations. The efficacy and immunogenicity of this 
vaccine have not been assessed and estimated to 
be lower in immunocompromised individuals 
including those receiving immunosuppressive 
therapy [28, 33, 34]. The two doses of the Astra-
Zeneca vaccine have shown 61.7% effectiveness 
against the B.1.1.7 (UK) variant, 10.4% against 
mild to moderate due to B.1.351 (South Africa) 
variant, and 77.3% against other variants. This 
vaccine is 81.5% effective in preventing sympto-
matic COVID-19 infection caused by non-B.1.1.7 
strains [35, 36].

Countries’ approval 
As of June 4th, 2021, 99 countries approved Vax-
zevria vaccine including Albania, Angola, Ar-
gentina, Australia, Austria, Belgium, Belize, Bos-
nia and Herzegovina, Botswana, Brazil, Brunei 
Darussalam, Bulgaria, Cambodia, Canada, Chile, 
Colombia, Costa Rica, Croatia, Cyprus, Czechia, 
Côte d’Ivoire, Democratic Republic of the Con-
go, Denmark, Dominican Republic, Ecuador, 
Egypt, El Salvador, Estonia, Eswatini, Fiji, Fin-
land, France, Gambia, Georgia, Germany, Ghana, 
Greece, Grenada, Guatemala, Guyana, Hungary, 
Iceland, India, Indonesia, Iran (Islamic Republic 
of), Iraq, Ireland, Italy, Jamaica, Japan, Jordan, 
Kenya, Kosovo, Kuwait, Latvia, Liechtenstein, 
Lithuania, Luxembourg, Malawi, Malaysia, Mali, 
Malta, Mauritius, Mexico, Mongolia, Morocco, 
Netherlands, Nigeria, Oman, Pakistan, Papua 

New Guinea, Philippines, Poland, Portugal, Re-
public of Korea, Republic of Moldova, Romania, 
Rwanda, Sao Tome and Principe, Saudi Arabia, 
Senegal, Serbia, Slovakia, Slovenia, Spain, Sudan, 
Sweden, Taiwan, Thailand, Timor-Leste, Uganda, 
United Kingdom of Great Britain and Northern 
Ireland, Uzbekistan, Viet Nam, Yemen, and Zam-
bia [37].

Side effect profile
Similar to other vaccines, the most common ad-
verse effects are local injection site pain, tender-
ness, erythema, and swelling, nausea and vomit-
ing, fever with chills, muscle ache, headache, and 
malaise which are predominantly seen on the day 
1 after vaccination. A rare complication of neutro-
penia, hemolytic anemia, and transverse myelitis 
was seen [28, 38, 39]. The vaccine is contraindicat-
ed in patients with hypersensitivity and anaphy-
lactic reactions, anxiety, acute infection or severe 
febrile illness, and with history of thrombosis or 
thrombocytopenia [40]. 
By March 10, 2021, 5 million people had received 
this vaccine in Europe. Among them, 30 cases 
of thromboembolic events were reported. This 
resulted in a temporary 2 week pause in many 
countries including Denmark, Thailand, Norway, 
Iceland, Bulgaria, Luxembourg, Estonia, Lithua-
nia, Latvia, Austria, and Italy [41]. On 22 March, 
2021, the European Medicines Agency’s (EMA) 
safety committee noted the blood clots in the 
veins of the brain, abdomen, and the arteries in 
patients with low levels of platelets. The commit-
tee conducted an in-depth review of 62 cases of 
CSVT and 24 cases of splanchnic vein thrombo-
sis. This is estimated to be 1 in 100,000 vaccinated 
people. Of these, 18 cases were fatal. Similar to the 
Janssen vaccine, most of the reported cases were 
females under the age of 60 years and occurred 
within 2 weeks of their first dose [42].
As mentioned above, the pathogenesis for the for-
mation of blood clots is not clear but the possible 
mechanism for this condition is thought to be that 
the vaccine can trigger an immune response sim-
ilar to that of heparin-induced thrombocytopenia 
in patients treated with heparin. The patients can 
present with shortness of breath, chest pain, ped-
al edema, persistent abdominal pain, other neuro-
logical symptoms like severe and persistent head-
aches or blurred vision, and petechiae beyond the 
injection site [40, 42].
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n	 SPUTNIK V (Gam-COVID-Vac)

Gam-COVID-Vac trade-named Sputnik V, so 
named after the first artificial satellite. It is an 
adenoviral vector-based COVID19 vaccine de-
veloped by the Gamaleya Research Institute of 
epidemiology and microbiology. The vaccine was 
designed with two recombinant adenovirus vec-
tors and was developed as two formulations (fro-
zen [Gam-COVID-Vac] (storage temperature -18 
°C (0 °F)) and lyophilised [Gam-COVID-Vac-Lyo] 
(storage temperature 2-8 °C (36-46 °F).

Vaccine dose and interval
Two doses of vaccine administered IM with a dos-
ing interval of 3 weeks which may increase up to 
3 months [43].

Efficacy on variants
The phase 1 and 2 clinical trials showed a good 
safety profile and also induced strong humoral 
and cellular immune response against SARS-
CoV-2. The phase 3 data of 20,000 participants 
has demonstrated 91.6% effectiveness 21 days 
after the first dose of vaccine and after the day 
of receiving the second dose; in the recent press 
release by Gamaleya center on 19 April, 2021, ac-
cording to the data from 38 million vaccinated 
individuals this vaccine has demonstrated 97.6% 
efficacy against SARS-CoV-19 making it the most 
effective vaccine in the world, and 100% effective 
against severe COVID-19 infection [44, 45]. The 
Sputnik V vaccine is effective against the B.1.1.7 
variant. However, there is marked reduction in 
neutralizing antibodies against B.1.351, P.1, and 
B.1.1.28 variants [46].

Countries’ approval
As of June 4th, 2021, the Sputnik V vaccine is 
approved in 68 countries including Albania, Al-
geria, Angola, Antigua and Barbuda, Argentina, 
Armenia, Azerbaijan, Bahrain, Bangladesh, Bela-
rus, Bolivia (Plurinational State of), Bosnia and 
Herzegovina, Cameroon, Djibouti, Egypt, Gabon, 
Ghana, Guatemala, Guinea, Guyana, Honduras, 
Hungary, India, Iran (Islamic Republic of), Iraq, 
Jordan, Kazakhstan, Kenya, Kyrgyzstan, Lao 
People’s Democratic Republic, Lebanon, Libya, 
Mali, Mauritius, Mexico, Mongolia, Montenegro, 
Morocco, Myanmar, Namibia, Nepal, Nicaragua, 
North Macedonia, Pakistan, Panama, Paraguay, 

Philippines, Republic of Moldova, Republic of 
the Congo, Russian Federation, Saint Vincent and 
the Grenadines, San Marino, Serbia, Seychelles, 
Slovakia, Sri Lanka, Syrian Arab Republic, Tu-
nisia, Turkmenistan, United Arab Emirates, Uz-
bekistan, Venezuela (Bolivarian Republic of), Viet 
Nam, West Bank, and Zimbabwe [47].

Side effect profile 
The phase 1 and 2 clinical trial data have reported 
the most common systemic and local reactions. Lo-
cal reactions were injection site pain and erythema. 
Hyperthermia, chills, headache, asthenia, muscle 
ache, and joint pains were reported, as well [48].
Despite all vaccines described here being devel-
oped on adenoviral vector-based platforms, each 
vaccine has significant differences in their struc-
ture and production. AstraZeneca used chimpan-
zee adenovirus while Janssen used human ade-
novirus serotype to deliver antigens. However, 
Sputnik V used adenovirus serotypes 5 and 26. 
Hence, the safety data is not comparable to one 
another. A comprehensive analysis of adverse 
events during clinical trials and over the course 
of mass vaccinations with the Sputnik V vaccine 
published by Gamaleya center on April 14, 2021, 
has shown that there were no reported cases of 
cerebral venous sinus thrombosis [49].

n	 SPUTNIK LIGHT

Sputnik light vaccine is a single dose vaccine 
based on the Ad26 vector developed by Gamaleya 
research institute of epidemiology and microbiol-
ogy. It can be stored at a normal refrigerator tem-
perature of 2-8 degree Celsius. It has an effective-
ness of 79.4% suited for acute outbreaks [16].

Vaccine dose and interval
It’s administered as a single dose of 0.5 mL intra-
muscular injection.

Efficacy on variants
Similar to the Sputnik V vaccine, Sputnik light, a 
single dose vaccine, is developed with an adeno-
virus vector-based platform. This vaccine utilized 
the first component of Sputnik V, recombinant 
human adenovirus serotype number 26 (rAd26). 
The phase 1 and 2 clinical trial data demonstrated 
an efficacy of 79.4% 28 days after the vaccination 
in Russia’s mass vaccination program during 5 
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December 2020 to 15 April 2021. As per the Ga-
maleya center, this vaccine is effective against all 
new variants [50].

Countries approved 
As of June 4th, 2021, Russia and Angola author-
ized the Sputnik light vaccine [50, 51].

Side effect profile 
As such, no serious adverse events including cer-
ebral venous thrombosis have been reported [50].

n	 CONVIDECIA (Ad5-nCoV) 

Convidecia is a viral vector-based vaccine simi-
lar to AZD1222 and Sputnik V. It’s developed by 
CanSino Biologics. This vaccine can be stored in a 
normal refrigerator at temperatures of 2-8 degree 
celsius [52].

Vaccine dose and interval
It’s administered IM and a single dose of 0.5 mL 
is given.

Efficacy on variants
Data from the late-stage clinical trials, single-dose 
vaccine, CanSino, is 65.7% effective in preventing 
symptomatic and 90.98% effective in preventing 
severe COVID-19 infection [53]. But the efficacy 
dropped from 68.83% after two weeks to 65.28% 
after four weeks. Hence, a booster shot may be re-
quired to develop desired neutralizing antibodies 
and the efficacy might also increase to 90% [54]. 
There is no clear data on the efficacy of the CanSi-
no vaccine on the variants.

Countries approved 
As of June 4th, 2021, the CanSino vaccine is ap-
proved in 5 countries including Chile, China, 
Hungary, Mexico, and Pakistan [55]. 

Side effect profile 
The side effects reported in the clinical trials 
were mild/moderate and no serious events with-
in 28 days of vaccination. The common adverse 
events reported in the clinical trials were high 
fever (42%), fatigue (44%), headache (39%), mus-
cle ache (17%), joint pains, and injection site pain 
(54%). All these events lasted no more than 48 
hours [56]. Seven days after vaccination, a few 
patients reported an increase in bilirubin (8%), 

alanine aminotransferase (9%), and fasting blood 
sugars (4%) [57].

n	 COVID-19 VARIANTS  
AND VACCINATION EFFORTS

As of July, 2021, the Center for Disease Control 
and Prevention (CDC) has classified variants into 
Variant of Interest, Variant of Concern, and Var-
iant of High Consequence. Currently, B.1.1.7 (al-
pha), B.1.351 (beta), B.1.617.2 (delta), P.1 (gamma) 
are classified under variants of concern. B.1.427 
(epsilon), B.1.429 (epsilon), B.1.525 (eta), B.1.526 
(lota), B.1.617.1 (kappa), B.1.617.3, P.2 (zeta) are 
classified under variants of interest [58, 59]. The 
new variant, delta plus, has the additional spike 
mutation of the widespread delta variant which 
was initially identified in India and is now raising 
concerns all over the world [60]. As of July 8th, 
2021, about 24.9% of the world’s population has 
been vaccinated with at least one dose of a COV-
ID-19 vaccine [61]. In the USA, 47.5% of the total 
population had been fully vaccinated by the end 
of June 2021. The population over age 65 years 
was the most vaccinated age group in the USA 
[62]. At the time of this paper, China, USA and 
India were the countries with the most fully vac-
cinated people [61].

n	 HETEROLOGOUS PRIME-BOOST COVID-19 
VACCINATION

In February, a study called ‘Com-Cov’ initiated by 
the UK’s National Institute for Health Research, 
enrolled 800 volunteers to study the COVID-19 
Heterologous Prime Boost against COVID-19 vi-
rus. This study is tested in different combinations. 
So far, patients were divided into eight different 
arms, including AstraZeneca and AstraZene-
ca 28 days apart, AstraZeneca and AstraZeneca 
12 weeks apart, Pfizer and Pfizer 28 days apart, 
Pfizer and Pfizer 12 weeks apart, AstraZeneca 
and Pfizer 28 days apart, AstraZeneca and Pfizer 
12 weeks apart, Pfizer and AstraZeneca 28 days 
apart, Pfizer and AstraZeneca 12 weeks apart as 
first and second doses respectively. This study 
will run for 13 months and data is analyzed [63].
In April, the Carlos III Health Institute in Madrid 
conducted the Spanish CombivacS trial with 663 
participants who received the first dose of the As-
traZeneca vaccine. Of them, 441 patients received 
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Pfizer vaccine as their second dose after 8 weeks 
after their first dose and 232 patients did not re-
ceive any booster. This study published on May 
19th, 2021 revealed that the patients who received 
the Pfizer vaccine as their second had developed 
higher levels of neutralizing antibodies than those 
receiving two doses of AstraZeneca vaccine. This 
implies that the combination of both AstraZeneca 
and Pfizer-BioNTech vaccines have boosted im-
munity by improving Th1-biased T cell respons-
es against SARS-CoV-2 virus. These studies also 
noticed the milder side effects in patients who re-
ceived the combination vaccine [64, 65].

n	 CONCLUSIONS

Through our review article, we discussed a brief 
overview of the five vector-based vaccines for 
COVID-19, mechanism of action, clinically serious 
and potentially life-threatening adverse events 
caused with Janssen and AstraZeneca vaccines. 
Though the incidence of TTS is low, it is very im-
portant to monitor the signs and symptoms in-
cluding shortness of breath, chest pain, leg swell-
ing, pain abdomen, neurological symptoms, pete-
chiae for early identification and prevent compli-
cations. At the time of this paper, there were 16 
non-replicating viral vector-based vaccines and 2 
replicating viral vector-based vaccines in clinical 
development phase. The routes of administration 
being considered for the vaccines in the clinical 
development phase were intramuscular, intrana-
sal, oral and subcutaneous. There are 21 non-rep-
licating viral vector-based vaccines in pre clinical 
developmental stage [66]. Heterologous prime 
and boost concept of vaccination may be the new 
face of COVID-19 vaccination for more effective 
results.
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